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.LORPEHUR 5LYHU ZKLFK GXULQJ SDUWLFXODUO\ ZHW VHDVRQV FDQ
IORRGSXVKLQJZDWHUEDFNXS WKH1DPZDZDOD WULEXWDU\:DWHU
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WDEOH GHSWK ZDV UHFRUGHG LQ IRXU VKDOORZ   P GHSWK
ERUHKROHVPDQXDOO\GULOOHGLQWRWKHVRLO
(QWRPRORJLFDOVDPSOLQJ
:DWHU ERG\ W\SH  3RWHQWLDO PDODULD YHFWRU KDELWDWV ZLWKLQ
WKH ODQGVFDSH ZHUH FODVVLILHG E\ WKHLU JHRPRUSKRORJLFDO DQG
K\GURORJLFDO VHWWLQJ DFFRUGLQJ WR WKH FODVVLILFDWLRQ VFKHPH
IROORZLQJ6PLWKHWDO>@)LJXUHSURYLGHVDVXPPDU\RIWKH
GLIIHUHQW ZDWHU ERG\ W\SHV LGHQWLILHG LQ WKH 1DPZDZDOD DUHD
%HORZ LV D GHVFULSWLRQ RI WKH K\GURORJLFDO PHFKDQLVPV WKDW
FRQWURO VXUIDFH ZDWHU DYDLODELOLW\ ZLWKLQ WKH ZDWHU ERG\ W\SHV
DQGWKHLUSRWHQWLDOIRUSURYLGLQJDYHFWRUKDELWDW$SKRWRJUDSK
RIHDFKZDWHUERG\W\SHLVSURYLGHGLQ)LJXUH
D 7RSRJUDSKLF FRQYHUJHQFH ZDWHU ERGLHV UHSUHVHQW
DUHDVRIVXEVXUIDFHPRLVWXUHDFFXPXODWLRQ>@7\SLFDOO\
VXFKDUHDV LQFOXGHYDOOH\DQGJXOO\ERWWRPV LQVPDOO 
NP ]HUR RUGHU FDWFKPHQWV WKDW GR QRW KDYH ZHOO
GHYHORSHGFKDQQHOQHWZRUNV7KHVHDUHORFDWHGLQWKHKLOO\
WHUUDLQ LQ WKH QRUWK RI WKH VWXG\ DUHD ZKHUH ULVLQJ ZDWHU
WDEOHV PD\ LQWHUFHSW WKH VXUIDFH UHVXOWLQJ LQ VXUIDFH
SRQGLQJ 7KLV PHFKDQLVP KDV SUHYLRXVO\ EHHQ VKRZQ WR
EH DQ LPSRUWDQW GULYHU RI YHFWRU KDELWDW GHYHORSPHQW LQ
DUHDVVXFKDVWKHZHVWHUQ.HQ\DQKLJKODQGV>±@
E )ORRGSODLQEDVLQVDUHVKDOORZGHSUHVVLRQV O\LQJFORVH
WRULYHUFKDQQHOVSDUWLFXODUO\WKRVHZLWKSURPLQHQWQDWXUDO
OHYHHV7KHVHDUHLQXQGDWHGZKHQULYHUOHYHOVH[FHHGVWKH
KHLJKWRIWKHULYHUEDQNVDQGRYHUWRSOHYHHV6RPHVWXGLHV
KDYH IRXQG WKLV WREHDNH\SURFHVV IRU WKHJHQHUDWLRQRI
YHFWRU EUHHGLQJ KDELWDWV 1RWDEO\ %¡JK HW DO >@ IRXQG
WKDWPRVWEUHHGLQJKDELWDWVRI$QJDPELDHVHQVX ODWR LQ
WKH*DPELDZHUHJHQHUDWHGE\WKLVPHFKDQLVP6LPLODUO\
$JHHS HW DO >@ VKRZHG WKDW KDELWDWV VXSSRUWLQJ $Q
DUDELHQVLV LQ DQ DUHD RI QRUWKHUQ 6XGDQ ZHUH PDLQO\
GULYHQE\RYHUEDQNIORRGLQJIURPWKH5LYHU1LOH
F 3DODHRFKDQQHOV DUH VLQXRXV OLQHDU GHSUHVVLRQV
PDUNLQJ DEDQGRQHG ULYHU FKDQQHOV WKDW DUH QR ORQJHU
FRQQHFWHG WR DFWLYH ULYHU FKDQQHOV ,I WKH ZDWHU WDEOH LV
VXIILFLHQWO\KLJKWKHVHGHSUHVVLRQVEHFRPHVDWXUDWHGLQD
SURFHVV VLPLODU WR ZDWHU ERGLHV LQ DUHDV RI WRSRJUDSKLF
FRQYHUJHQFH 'XULQJ SDUWLFXODUO\ ZHW \HDUV
SDODHRFKDQQHOVPD\UHDFWLYDWHZLWKIORZLQJZDWHU>@
G 5LYHU FKDQQHO ZDWHU ERGLHV DUH ORFDWHG ZLWKLQ ULYHU
QHWZRUNV'XULQJWKHGU\VHDVRQULYHUOHYHOVFDQGHFUHDVH
VXIILFLHQWO\IRUWKHULYHUWRVWRSIORZLQJ7KLVIRUPVDVHULHV
RI GLVFRQQHFWHG SRROV DORQJ WKH ULYHU FKDQQHO ZKRVH
ORFDWLRQ DUH FRQWUROOHG E\ WKH WRSRJUDSK\ RI WKH FKDQQHO
EHG>@7KHVHSRROVKDYHEHHQLGHQWLILHGDVDVRXUFHRI
PDODULDYHFWRUKDELWDWV LQDQXPEHURIVWXGLHV >@
)RULQVWDQFHYDQGHU+RHNHWDO>@IRXQGWKHPDMRULW\RI
YHFWRU KDELWDWV LQ 6UL /DQND WR EH DVVRFLDWHG ZLWK SRROV
IRUPHGLQVWUHDPVDQGULYHUEHGV'XULQJWKHZHWVHDVRQ
ULYHUOHYHOVLQFUHDVHDQGSRROVUHFRQQHFWFDXVLQJZDWHUWR
VWDUWIORZLQJZLWKLQWKHFKDQQHO/DUYDHRIPRVW$QRSKHOHV
VSHFLHVFDQRQO\ WROHUDWHVWLOORUVORZO\PRYLQJZDWHUDQG
DUHWKHUHIRUHYXOQHUDEOHWRKLJKULYHUIORZVKLJKOLJKWHGE\
WKH PRGLILFDWLRQ RI FKDQQHOV WR DXJPHQW ZDWHU IORZ DV D
ODUYDOFRQWUROPHWKRG>@
H 6SULQJIHGSRROVDUHZDWHUERGLHVIHGE\JURXQGZDWHU
UHFKDUJH DQG FDQ SHUVLVW WKURXJKRXW WKH \HDU
LQGHSHQGHQWO\ RI UDLQIDOO 7KLV PDNHV WKHP LPSRUWDQW IRU
VXVWDLQLQJYHFWRUSRSXODWLRQVWKURXJKWKHGU\VHDVRQZKHQ
PDQ\RWKHUZDWHUERG\W\SHVDUH OLNHO\ WRGU\XS>±@
6SHFLILFDOO\ WKLV SURYLGHV D SRWHQWLDO KDELWDW IRU VSHFLHV
)LJXUH.LORPEHUR9DOOH\VWXG\DUHD7KHORFDWLRQRIK\GURORJLFDOPRQLWRULQJLQVWUXPHQWVLVVKRZQWKDWUHFRUGHGUDLQIDOOULYHU
VWDJH DQG ZDWHU WDEOH GHSWK RYHU D  PRQWK SHULRG %DFNJURXQG HOHYDWLRQ GDWD LV SURYLGHG E\ WKH 6KXWWOH 5DGDU 7RSRJUDSK\
0LVVLRQ6570ZLWKDPJULGUHVROXWLRQ
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WKDWSUHIHUSHUPDQHQWZDWHUERGLHVVXFKDV$Q IXQHVWXV
>@
/DQGVDW VDWHOOLWH LPDJHU\ DFTXLUHG RQ WK -XO\   P
JULG UHVROXWLRQ ZDV XVHG WR LGHQWLI\ WKH PDLQ ULYHU FKDQQHOV
DQGWKHLUIORRGSODLQV)LJXUH7KLVLPDJHU\ZDVDOVRXVHGWR
LGHQWLI\ SDODHRFKDQQHOV ZKLFK DSSHDU DV GLVWLQFWLYH VLQXRXV
OLQHDU IHDWXUHV HLWKHU LQILOOHG ZLWK ILQH JUDLQHG VHGLPHQW VLOWV
DQGFOD\VDQGRUJDQLFPDWWHUWKDWUHWDLQPRLVWXUHPDNLQJWKHP
DSSHDU GDUNHU WKDQ WKH VXUURXQGLQJ ODQGVFDSH RU FRPSULVLQJ
VDQG\GHSRVLWVWKDWIRUPOHYHHVPDNLQJWKHPDSSHDUEULJKW
$'LJLWDO(OHYDWLRQ0RGHO '(0ZDVH[WUDFWHG IURPFP
VWHUHR :RUOGYLHZ VDWHOOLWH LPDJHU\ DFTXLUHG RQ WK )HEUXDU\
 XVLQJ VWDQGDUG SKRWRJUDPPHWULF WHFKQLTXHV >@ 7KLV
ZDV FDUULHG RXW XVLQJ WKH '(0 H[WUDFWLRQ WRROV ZLWKLQ WKH
LPDJHSURFHVVLQJVRIWZDUH(19,>@SURGXFLQJD'(0ZLWKD
JULGUHVROXWLRQRIPDQGDYHUWLFDODFFXUDF\RIDSSUR[LPDWHO\
 P >@ 7KLV ZDV XVHG WR LGHQWLI\ DUHDV RI WRSRJUDSKLF
FRQYHUJHQFH ZKLFK KDYH SRWHQWLDO IRU WKH DFFXPXODWLRQ RI
PRLVWXUH >@ 7KH '(0 ZDV DOVR XVHG WR LGHQWLI\ ORZO\LQJ
DUHDV DGMDFHQW WR ULYHU FKDQQHOV ZKHUH IORRGLQJ PLJKW RFFXU
7KH IHDWXUHV LGHQWLILHG XVLQJ WKH LPDJHU\ DQG '(0 ZHUH
FKHFNHG XVLQJ ILHOG REVHUYDWLRQV 7KHUH ZDV DOVR D VLQJOH
)LJXUH([DPSOHVIURPHDFKZDWHUERG\W\SH7KHZDWHU
ERG\W\SHVZHUHFODVVLILHGDFFRUGLQJWRWKHLUJHRPRUSKRORJLFDO
DQGK\GURORJLFDOFKDUDFWHULVWLFV$7RSRJUDSKLFFRQYHUJHQFH
VDWXUDWHG DUHDV GULYHQ E\ WRSRJUDSKLF FRQYHUJHQFH RI
VXEVXUIDFHPRLVWXUH%)ORRGSODLQEDVLQVGHSUHVVLRQVZLWKLQ
IORRGSODLQVRIDFWLYHULYHUFKDQQHOVZLWKZHOOGHYHORSHGOHYHHV
& 3DODHRFKDQQHOV DVVRFLDWHG ZLWK UHOLFW SDODHRFKDQQHO
V\VWHPV ' 5LYHU FKDQQHOV SRROV ORFDWHG LQ SHUHQQLDO RU
VHDVRQDOO\DFWLYHULYHUFKDQQHOVDQG(6SULQJIHGSRROV
GRLMRXUQDOSRQHJ
)LJXUH'LDJUDPVKRZLQJWKHGLIIHUHQWZDWHUERG\W\SHV,QFOXGHGLVDGHVFULSWLRQRIWKHNH\K\GURORJLFDOSURFHVVHVWDNLQJ
SODFHLQWKHGU\DQGZHWVHDVRQVZLWKLQHDFKZDWHUW\SHIRXQGLQWKH1DPZDZDODDUHD.LORPEHUR9DOOH\VRXWKHUQ7DQ]DQLD
GRLMRXUQDOSRQHJ
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JURXQGZDWHUVSULQJ LQ WKHVWXG\DUHD7KLVZDVQRWHYLGHQW LQ
WKHUHPRWHO\VHQVHGGDWDDQGZDVPDSSHGLQWKHILHOG
:DWHU ERG\ VDPSOLQJ  7KH ODQGVFDSH ZDV GLYLGHG LQWR
GLVWLQFWJHRPRUSKRORJLFDO]RQHV WKURXJKPDQXDO LQWHUSUHWDWLRQ
RI/DQGVDWLPDJHU\DQG'(0GDWDDQGDPDSSHGJURXQGZDWHU
VSULQJ 5DQGRP VWUDWLILHG VDPSOLQJ ZDV XVHG WR GLVWULEXWH 
VDPSOHORFDWLRQVZLWKLQWKHVH]RQHV)LJXUHLQSURSRUWLRQWR
WKHREVHUYHG IUHTXHQF\RI HDFKZDWHU ERG\ W\SH LQ WKH VWXG\
DUHD $OO ORFDWLRQV ZHUH VLWXDWHG ZLWKLQ  NP RI DQ RFFXSLHG
KRXVH ZLWKLQ WKH W\SLFDO IOLJKW UDQJH RI IHPDOH $Q JDPELDH
>@ (LJKW SRLQWV ZHUH ORFDWHG LQ IORRGSODLQ EDVLQV HOHYHQ
SRLQWVZHUH ORFDWHG LQDUHDVRI WRSRJUDSKLFFRQYHUJHQFHDQG
RQO\RQHORFDWHGLQWKHJURXQGZDWHUVSULQJ1XPHURXVKDELWDWV
KRZHYHUZHUHORFDWHGLQVHDVRQDOO\DFWLYHULYHUFKDQQHOV
DQGGHSUHVVLRQVZLWKLQSDODHRFKDQQHOV\VWHPV
6DPSOH ORFDWLRQVZHUHGHWHUPLQHGE\ ILHOG YLVLWV GXULQJ WKH
GU\VHDVRQLQ6HSWHPEHU2FWREHU$WWKHILUVWILHOGYLVLWWR
HDFKORFDWLRQ WKHFORVHVWVWDQGLQJZDWHUERG\ZLWKLQDP
UDGLXVZDVVHOHFWHGDV WKHVDPSOLQJ ORFDWLRQDQG LWVSRVLWLRQ
UHFRUGHGXVLQJDKDQGKHOG*DUPLQ(WUH[*36UHFHLYHUZLWKD
KRUL]RQWDODFFXUDF\RIDSSUR[LPDWHO\P,IDZDWHUERG\ZDV
QRW IRXQG ZLWKLQ WKH VHDUFK DUHD WKH VDPSOH ORFDWLRQ ZDV
FHQWUHG LQ DQ DUHD ZKHUH D ZDWHU ERG\ ZDV PRVW OLNHO\ WR
RFFXU 7KLV ZDV GHWHUPLQHG E\ ORRNLQJ IRU GHSUHVVLRQV LQ WKH
)LJXUH/DUYDOVDPSOHORFDWLRQVFDWHJRULVHGE\ZDWHUERG\W\SH7KHEDFNJURXQGLPDJHZDVFDSWXUHGRQWK-XO\E\
/DQGVDW7KHPDWLF0DSSHU7KHLPDJHLVGLVSOD\HGDVDIDOVHFRORXUFRPSRVLWHUHG EDQGJUHHQ EDQGDQGEOXH EDQG
ZLWKEULJKWJUHHQLQGLFDWLQJGHYHORSLQJYHJHWDWLRQGDUNJUHHQLQGLFDWLQJPDWXUHRUVSDUVHYHJHWDWLRQSXUSOHLQGLFDWLQJEDUHVRLODQG
EODFNUHSUHVHQWLQJZDWHU
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ORFDO WHUUDLQ DQG LGHQWLI\LQJ IHDWXUHV VXFK DV FDNHG PXG WKH
SUHVHQFH RI K\GURSKLOLF YHJHWDWLRQ DQG GULHG KRRI SULQWV
UHSUHVHQWLQJDSRWHQWLDOZDWHULQJKROHIRUFDWWOH
(DFK ORFDWLRQZDVYLVLWHG WLPHV IURP1RYHPEHU WR
2FWREHUDWDIUHTXHQF\RIDSSUR[LPDWHO\RQFHHYHU\IRXU
ZHHNV$WHDFKYLVLW DOOZDWHUERGLHVZLWKLQDP UDGLXVRI
WKH ORFDWLRQ ZHUH LGHQWLILHG DQG XS WR ILYH ZDWHU ERGLHV ZHUH
VHOHFWHG DW UDQGRP IRU VXUYH\LQJ DQG WKHLU ORFDWLRQ UHFRUGHG
XVLQJ WKHKDQGKHOG*36$GHVFULSWLRQRI WKHVLWHZDV WDNHQ
LQFOXGLQJWKHZLGWKDQGOHQJWKRIWKHZDWHUERG\7KLVZDVXVHG
WR HVWLPDWH KDELWDW VL]H E\ FDOFXODWLQJ WKH DUHD DV DQ HOOLSVH
DQG WDNLQJ WKHRXWHUFP WR UHSUHVHQW WKHVKDOORZHGJHVRI
WKHZDWHUERG\ZKHUHODUYDHWHQGWRRFFXU>@
$ SXUSRVLYH GLSSLQJ VWUDWHJ\ ZDV HPSOR\HG >@ XVLQJ D
POGLSSHUZKHUHE\GLSVZHUHPDGHLQSODFHVPRVWOLNHO\WR
KDUERXU ODUYDH VXFK DV DURXQG FOXPSV RI YHJHWDWLRQ RU
SURWUXGLQJ VXEVWUDWH DPLGVW IORDWLQJ GHEULV DQG DORQJ WKH
SHULSKHU\RIWKHZDWHUERG\7KHQXPEHURIGLSVZDVGHFLGHGD
SULRUL EDVHG RQ WKH VL]H RI WKH ZDWHU ERG\ WR EH VXUYH\HG $
PLQLPXP RI  GLSV ZHUH WDNHQ DW HDFK ZDWHU ERG\ ZLWK WKH
QXPEHU LQFUHDVLQJXS WR IRU ODUJHZDWHUERGLHV !P LQ
OHQJWK2WKHUVWXGLHVKDYHDGRSWHG WKHXVHRIVZHHSQHWV WR
GHWHUPLQH WKH DEXQGDQFH RI ODUYDH >@ EXW WKH GLPHQVLRQV RI
WKHVH QHWV H[FHHG WKH VL]H RI VPDOO VFDOH DTXDWLF KDELWDWV
VXFKDVKRRISULQWVDWWKHIULQJHVRIODUJHUSRROVRIZDWHU
(DFK GLS ZDV H[DPLQHG LQ D ZKLWH SODVWLF WUD\ $QRSKHOLQH
DQG FXOLFLQH ODUYDH ZHUH GLIIHUHQWLDWHG PDFURVFRSLFDOO\ EDVHG
RQ ERG\ SRVLWLRQ DQG PRUSKRORJ\ >@ &RXQWV ZHUH PDGH RI
HDUO\ VWQG LQVWDUVDQG ODWHVWDJHUGWK LQVWDUVDQRSKHOLQH
ODUYDH>@:KHUHWKHWRWDOQXPEHURIODUYDHFDXJKWLQDOOGLSV
DW DZDWHUERG\H[FHHGHGD UDQGRPVDPSOHRI  ODUYDH
ZDV WDNHQ DQG VSHFLPHQV ZHUH VWRUHG LQ VHSDUDWH  PO
HSSHQGRUIV LQ  HWKDQRO IRU VXEVHTXHQW PROHFXODU VSHFLHV
LGHQWLILFDWLRQ:KHUHWKHWRWDOQXPEHURIODUYDHSHUZDWHUERG\
ZDVRUIHZHUDOOODUYDHZHUHWDNHQIRUVSHFLHVLGHQWLILFDWLRQ
3XSDH ZHUH QRW FRXQWHG EHFDXVH DQRSKHOLQH SXSDH FDQQRW
UHDGLO\EHPRUSKRORJLFDOO\GLVWLQJXLVKHGIURPFXOLFLQHSXSDHLQ
WKHILHOG>@
*HQRPLF'1$ZDVH[WUDFWHG IURP LQGLYLGXDO ODUYDHDQG WKH
DPSOLILFDWLRQ RI ULERVRPDO '1$ ZDV PDGH XVLQJ D PXOWLSOH[
SRO\PHUDVH FKDLQ UHDFWLRQ 3&5 IRU LGHQWLILFDWLRQ RI WKH IRXU
VLEOLQJ VSHFLHV RI WKH $QRSKHOHV JDPELDH FRPSOH[ $Q
DUDELHQVLV $Q JDPELDH VV $Q PHUXV DQG $Q
TXDGULDQQXODWXV  >@ 8QDPSOLILHG '1$ ZDV WHVWHG E\ D
IXUWKHU3&5DVVD\ZLWK WKHFDSDFLW\ WR LGHQWLI\ ILYHVSHFLHVRI
WKH$QRSKHOHV IXQHVWXVJURXS LQFOXGLQJ$Q IXQHVWXVVV$Q
OHHVRQL$QSDUHQVLV$QULYXORUXPDQG$QYDQHHGHQL>@
'DWDDQDO\VLV
+\GURPHWULF GDWD  'DLO\ WRWDO UDLQIDOO ZDV FDOFXODWHG IRU
HDFK UDLQ JDXJH 3DLUZLVH UHODWLRQVKLSV EHWZHHQ WKH JDXJHV
ZHUHDQDO\VHGXVLQJ6SHDUPDQUDQNFRUUHODWLRQV7KHJDXJHV
ZHUHXVHGWRFDOFXODWHDUHDODYHUDJHUDLQIDOOIRUWKHVWXG\DUHD
+RXUO\ ZDWHU WDEOH GHSWKV ZHUH FDOFXODWHG E\ VXEWUDFWLQJ
UHFRUGHG ZDWHU GHSWK IURP WKH GHSWK RI WKH SUHVVXUH
WUDQVGXFHUEHORZWKHVXUIDFH
(QWRPRORJLFDO GDWD  ,Q RUGHU WR IRFXV RQ LQGLFDWRUV RI
KDELWDWTXDOLW\IRUPDODULDYHFWRUVWKHQXPEHURIODWHLQVWDU$Q
DUDELHQVLVODUYDHSHUGLSZDVHVWLPDWHG>±@$QDO\VLVZDV
UHVWULFWHGWR$QDUDELHQVLVDVWKLVZDVWKHRQO\SULPDU\PDODULD
YHFWRUVSHFLHVIRXQGLQVXIILFLHQWQXPEHUV7DEOH(VWLPDWHG
QXPEHUV SHU GLS DQG FRQILGHQFH LQWHUYDOV ZHUH GHULYHG XVLQJ
*HQHUDOL]HG(VWLPDWLQJ(TXDWLRQV*((RYHUWKHWRWDOQXPEHU
SHU GLS RI ODWH LQVWDU VWDJH DQRSKHOLQHV DQG WKH SURSRUWLRQ RI
$QDUDELHQVLVIRXQGLQWKH3&5VDPSOHVYLDERRWVWUDSSLQJRID
PL[WXUHGLVWULEXWLRQ$QDO\VHVZHUHSHUIRUPHGZLWKWKHJHHSDFN
SDFNDJH>@DQG WKHERRWSDFNDJH>@ IRU5 >@&RQWUDVWV
LQ WKH QXPEHU RI ODWH LQVWDU $Q DUDELHQVLV ODUYDH SHU GLS
EHWZHHQZDWHUERG\W\SHVZHUHFDOFXODWHGXVLQJWKH0HWKRGRI
9DULDQFH (VWLPDWHV 5HFRYHU\ 029(5 >@ $ GHWDLOHG
GHVFULSWLRQRIWKHVWDWLVWLFDODQDO\VHVRIHQWRPRORJLFDOGDWDFDQ
EHIRXQGLQWKH0HWKRGV6
,W LV LPSRUWDQW WR QRWH WKDW WKH DERYH PHWKRGV PDNH D
QXPEHURI LQIHUHQFHV WKDWPXVWEHDFNQRZOHGJHG7KHTXDOLW\
RI WKHGDWDZDVQRWRSWLPDORZLQJWR WKHSUHVHQFHRI]HURV LQ
ODUYDOQXPEHUVLQDFFHVVLELOLW\RIVRPHORFDWLRQVGXULQJWKHZHW
VHDVRQ RYHUGLVSHUVLRQ XQEDODQFHG VXUYH\V DQG ODFN RI
NQRZOHGJHUHJDUGLQJWKHFRYDULDQFHVWUXFWXUHRIWKHUHVLGXDOV
$VDUHVXOWRXUDQDO\VLVLVIUHHIURPDWLPHGHSHQGHQWVWUXFWXUH
DFFRXQWLQJ IRU WLPH FRUUHODWLRQV LQ WKH QXPEHU RI ODUYDH
+RZHYHU DV D SUHFDXWLRQDU\ PHDVXUH RXU VDPSOLQJ GDWHV
ZHUHVHWDWSHULRGV ORQJHQRXJK WRPLQLPLVHFDXVDOLW\GXH WR
DXWRUHJUHVVLYH SURFHVVHV LH SHULRGV ORQJHU WKDQ D
JHQHUDWLRQ
7KHERRWVWUDSHVWLPDWHGQXPEHURIODWHLQVWDU$QDUDELHQVLV
ODUYDH SHU GLS LQFOXGLQJ XSSHU DQG ORZHU  FRQILGHQFH
LQWHUYDOVZHUHPXOWLSOLHGE\ WKH WRWDODUHDRIDYDLODEOHKDELWDW
SHUZDWHUERG\W\SHEDVHGRQILHOGREVHUYDWLRQRIZDWHUERG\
GLPHQVLRQ SHU VDPSOH URXQG WR GHULYH DQ DUHDZHLJKWHG
DEXQGDQFH HVWLPDWH RI ODWHVWDJH $Q DUDELHQVLV ODUYDH 7KLV
ZDV FRPSDUHG ZLWK WKH K\GURPHWULF GDWD DJJUHJDWHG WR
PRQWKO\ WLPH VWHSV WR PDWFK WKH HQWRPRORJLFDO VDPSOLQJ
IUHTXHQF\ XVLQJ &URVV &RUUHODWLRQ )XQFWLRQV LQ 5 >@ WDNLQJ
LQWR FRQVLGHUDWLRQ ODJJHG UHODWLRQVKLSV 'XH WR WKH KLJKO\
YDULDEOH QDWXUH RI WKH ODUYDO GDWD DXWRUHJUHVVLYH WLPH VHULHV
7DEOH  7RWDO $QRSKHOHV VSHFLHV FRXQW JDWKHUHG
WKURXJKRXWWKHVDPSOLQJSHULRGDQGUHODWLYHSURSRUWLRQV
 &RXQW RIWRWDO
$QJDPELDHVOFRPSOH[
$Q$UDELHQVLV  
$QJDPELDHVV  
$Q0HUXV  
$Q4XDGULDQQXODWXV  
$QIXQHVWXVJURXS
$QIXQHVWXVVV  
$Q/HHVRQL  
$Q3DUHQVLV  
$Q5LYXORUXP  
$Q9DQHHGHQL  
1RQDPSOLILHGVSHFLPHQV
$OO  
7RWDO  
GRLMRXUQDOSRQHW
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DQDO\VLV ZDV QRW SRVVLEOH WKLV ZRXOG UHTXLUH D PXFK ODUJHU
QXPEHURIVDPSOHORFDWLRQV
5HVXOWV
+\GURORJ\
7KHVWXG\DUHDUHFHLYHGDWRWDORIPPUDLQIDOORYHUWKH
 PRQWK VWXG\ SHULRG FRPSDUHG WR D KLVWRULFDO 
DQQXDODYHUDJHRIPPUHFRUGHGDWDJDXJHQHDU,IDNDUD
'HFHPEHU ZDV ZHWWHU WKDQ DYHUDJH DQG )HEUXDU\ ZDV
FRQVLGHUDEO\ GULHU UHFHLYLQJ RYHU  PP OHVV UDLQIDOO
FRPSDUHG WR WKH KLVWRULFDO DYHUDJH )LJXUH  7RWDO PRQWKO\
UDLQIDOO PDVNV WKH LQWHQVLW\ RI LQGLYLGXDO UDLQIDOO HYHQWV 0RVW
QRWDEO\RYHURIWKHUDLQIDOO LQERWK'HFHPEHUDQG0DUFK
RFFXUUHG RYHU D  KRXU SHULRG RQ WK 'HFHPEHU DQG WK
0DUFKUHVSHFWLYHO\)LJXUH$
3UHFLSLWDWLRQZDVQRWGLVWULEXWHGHYHQO\RYHUWKHVWXG\DUHD
)RU LQVWDQFHRQWK'HFHPEHUPPZDVUHFRUGHGDWRQH
UDLQJDXJHDQGMXVWPPZDVUHFRUGHGDWDQRWKHUOHVVWKDQ
NPDZD\3DLUZLVH6SHDUPDQUDQNFRUUHODWLRQVVKRZHGWKDW
GDLO\ UDLQIDOO WRWDOV UHFRUGHG DW RQH SDLU RI JDXJHV ZHUH QRW
VLJQLILFDQWO\ FRUUHODWHG S    7KH JDXJHV ZHUH ORFDWHG
RQO\NPDSDUWZLWKDGLIIHUHQFHLQHOHYDWLRQRI OHVVWKDQ
P5DLQIDOO UHFRUGHGDWDOO WKHRWKHUJDXJHVZHUHVLJQLILFDQWO\
FRUUHODWHGS
5LYHU VWDJH URVH UDSLGO\ LQ UHVSRQVH WR UDLQIDOO )LJXUH %
SDUWLFXODUO\ IROORZLQJ LQWHQVHUDLQIDOOHYHQWV LQ'HFHPEHU
DQG0DUFK)RULQVWDQFHIROORZLQJWKHWK0DUFKUDLQIDOO
HYHQWWKHVWDJHDWWKHXSSHUULYHUJDXJHURVHIURPFPWR
FP DQG IHOO WR  FP RYHU D SHULRG RI IRXU KRXUV )XUWKHU
GRZQVWUHDPDWWKHPLGGOHDQGORZHUJDXJHVSHUVLVWHQWUDLQIDOO
NHSW VWDJHKHLJKWVDERYH]HUR IURP$SULO WKURXJK WRPLG-XO\
'XULQJ $SULO DQG 0D\  WKH VWDJH KHLJKW H[FHHGHG WKH
KHLJKW RI WKH ULYHU EDQNV DW WKH PLGGOH DQG ORZHU JDXJHV
OHDGLQJWRRYHUEDQNIORRGLQJ'XULQJWKLVSHULRGWKHZDWHUWDEOH
UHPDLQHGKLJK)LJXUH&ZLWKRQHJDXJHSRVLWLRQHGFORVHWR
WKH.LORPEHUR5LYHUUHFRUGLQJQHJDWLYHGHSWKYDOXHVLQGLFDWLQJ
WKDWZDWHUZDVSRROLQJDWWKHVXUIDFH
(QWRPRORJ\
2IWKHODUYDHWDNHQIRUVSHFLHVLGHQWLILFDWLRQDPDMRULW\
ZHUHXQDPSOLILHGLQWKH3&5SURFHVV7DEOHDQGZHUHOLNHO\
WREHRWKHUVSHFLHVRI$QRSKHOHVZKLFKDUHQRWPDODULDYHFWRUV
3&5 WHVWHG IRU DOO VLJQLILFDQW YHFWRUV LQ WKH UHJLRQ 1R $Q
JDPELDH VV ODUYDH ZHUH IRXQG DQG OHVV WKDQ  ZHUH
LGHQWLILHGDV$QIXQHVWXV$QDUDELHQVLVPDGHXSRYHURI
WKH WRWDO FRXQW 0RVW RI WKH VSHFLPHQV LGHQWLILHG DV $Q
IXQHVWXV  ZHUH IRXQG LQ ZDWHU ERGLHV ORFDWHG ZLWKLQ
HSKHPHUDOULYHUFKDQQHOV7KHVHKDELWDWVSHUVLVWHGWKURXJKRXW
WKHK\GURORJLFDO\HDUDVVKDOORZSRROVLQWKHGU\VHDVRQZKLFK
FRQQHFWGXULQJWKHZHWVHDVRQDVIORZLQJZDWHU
7KH YDULDWLRQ LQ HVWLPDWHG QXPEHU RI ODWHVWDJH $Q
DUDELHQVLV ODUYDH SHU GLS )LJXUH $ DQG DUHDZHLJKWHG
DEXQGDQFHHVWLPDWHRIODWHVWDJH$QDUDELHQVLVODUYDH)LJXUH
% RYHU WKH VDPSOLQJ SHULRG ZHUH VLPLODU VXJJHVWLQJ WKDW
KDELWDWVL]HGLGQRWFRQWURO WKHGHQVLW\RI ODUYDHIRXQGLQHDFK
ZDWHU ERG\ W\SH 7KH DEXQGDQFH RI $Q DUDELHQVLV ODUYDH
LQFUHDVHG LQ DUHDV RI WRSRJUDSKLF FRQYHUJHQFH IURP 0D\ WR
-XO\IROORZLQJWKHSHDNRIWKHORQJUDLQ\VHDVRQ+DELWDWV
ZLWKLQ IORRGSODLQ EDVLQV DOVR VKRZHG DQ LQFUHDVH GXULQJ WKLV
SHULRGIROORZLQJDSHDNLQULYHUVWDJHZKLFKH[FHHGHGWKHEDQN
OHYHO OHDGLQJ WR IORRGLQJ 5LYHU FKDQQHO DQG SDODHRFKDQQHO
KDELWDWVKDGEDFNJURXQGOHYHOVRIYHFWRUODUYDHIRUPRVWRIWKH
VDPSOLQJ SHULRG KRZHYHU ERWK VKRZHG D UHGXFWLRQ DW WKH
KHLJKWRI WKH ORQJ UDLQV LQ$SULODQG0D\5LYHUFKDQQHO
KDELWDWV VXSSRUWHG UHODWLYHO\ KLJK DEXQGDQFH RI YHFWRU ODUYDH
RYHU WKHGU\ VHDVRQDQG VKRUW UDLQV IURP'HFHPEHU WR
0DUFKZKHQWKHULYHUZDVQRWIORZLQJOHDYLQJDVHULHVRI
GLVFRQQHFWHGSRROV LQ WKH ULYHUEHG7KHVSULQJ IHGSRQGZDV
DOVR VKRZQ WR VXSSRUW KLJK ODUYDO DEXQGDQFH GXULQJ GU\
SHULRGV PRVW QRWDEO\ LQ $XJXVW  'HVSLWH WKLV YHU\ IHZ
QXPEHUV ZHUH IRXQG LQ WKH VSULQJ IHG SRQG GXULQJ WKH VKRUW
DQGORQJUDLQV
7KH HVWLPDWHG QXPEHU RI ODWHVWDJH $Q DUDELHQVLV ODUYDH
SHUGLSLQHDFKZDWHUERG\W\SHZHUHVKRZQWREHYDULDEOHRYHU
WKHVDPSOLQJSHULRG)LJXUH7KLVZDVSDUWLFXODUO\WUXHIRUWKH
VDPSOHURXQGLPPHGLDWHO\IROORZLQJWKHZHWVHDVRQWK-XQH
 GXULQJ ZKLFK HVWLPDWHG YHFWRU ODUYDH SHU GLS ZHUH
VKRZQ WR EH VLJQLILFDQWO\ GLIIHUHQW EHWZHHQ HYHU\ ZDWHU ERG\
W\SH 7KURXJKRXW WKH VDPSOLQJ SHULRG WKH VSULQJ IHG SRQG
KDELWDWW\SHWHQGHGWREHGLVWLQFWIURPRWKHUZDWHUERG\W\SHV
ZLWK WKHKLJKHVW ODUYDOGHQVLWLHV LQ WKHVWXG\DUHD UHFRUGHG LQ
IRXURXWRIWKHWKLUWHHQVDPSOHURXQGV
&URVV &RUUHODWLRQ )XQFWLRQ DQDO\VLV VKRZHG WKDW WKH DUHD
ZHLJKWHG DEXQGDQFH HVWLPDWH RI ODWHVWDJH $Q DUDELHQVLV
ODUYDH DFURVV DOO WKH VLWHV ZDV QRW VLJQLILFDQWO\ UHODWHG WR WKH
K\GURPHWULF GDWD 7DEOH  +RZHYHU UHODWLRQVKLSV H[LVWHG
ZKHQ WKHDEXQGDQFHHVWLPDWHZDVDJJUHJDWHGE\ZDWHUERG\
W\SH $EXQGDQFH HVWLPDWHV IURP DUHDV RI WRSRJUDSKLF
FRQYHUJHQFH ZHUH SRVLWLYHO\ UHODWHG WR ULYHU VWDJH DQG ZHUH
QHJDWLYHO\UHODWHGWRZDWHUWDEOHGHSWKUHIOHFWLQJDGHSHQGHQFH
)LJXUH7RWDOPRQWKO\UDLQIDOO5DLQIDOOZDVUHFRUGHGXVLQJ
D QHWZRUN RI HLJKW WLSSLQJ EXFNHW UDLQ JDXJHV SRVLWLRQHG
WKURXJKRXW WKH VWXG\ DUHD +LVWRULFDO PHDQ  LV
FDOFXODWHGXVLQJ UDLQJDXJHPHDVXUHPHQWV UHFRUGHGQHDU WKH
WRZQRI,IDNDUDORFDWHGNPHDVWRIWKHVWXG\DUHD
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RQ WKH ZHW VHDVRQ WR UDLVH ZDWHU WDEOHV UHVXOWLQJ LQ VXUIDFH
SRQGLQJ )ORRGSODLQ EDVLQ DEXQGDQFH HVWLPDWHV ZHUH DOVR
UHODWHGWRULYHUVWDJHEXWZLWKDRQHPRQWKODJ+HUHIORRGLQJLV
ZLGHVSUHDGGXULQJWKHSHDNRIWKHZHWVHDVRQEXWWKHVHZDWHU
ERGLHV RQO\ VXSSRUW YHFWRU ODUYDH RQFH WKH IORRG ZDWHU KDV
UHFHGHG GXH WR LQILOWUDWLRQ DQG HYDSRUDWLRQ WR IRUP VPDOOHU
VKDOORZHU SRROV RI ZDWHU $EXQGDQFH HVWLPDWHV LQ
SDODHRFKDQQHOVKDGDSRVLWLYHUHODWLRQVKLSZLWKULYHUVWDJHZLWK
DWKUHHPRQWKODJLQGLFDWLQJWKDWWKHVHKDELWDWVFDQQRWVXSSRUW
YHFWRUODUYDHGXULQJRUVKRUWO\DIWHUZHWSHULRGV
'LVFXVVLRQ
1HDUO\WKUHHTXDUWHUVRIWKHODUYDHLGHQWLILHGWRVSHFLHVOHYHO
ZHUHQRW$QJDPELDHVV$QDUDELHQVLVRU$QIXQHVWXVWKH
PDMRUFRQWULEXWRUVWRPDODULDWUDQVPLVVLRQLQ$IULFD>@1R
)LJXUH   *UDSKV VKRZLQJ $ DUHDO DYHUDJHG UDLQIDOO
IURP HLJKW JDXJHV GLVWULEXWHG WKURXJKRXW WKH VWXG\ DUHD
VXPPDULVHG DV GDLO\ WRWDOV % PHDQ KRXUO\ ULYHU VWDJH
KHLJKW ZLWK EDQN OHYHO UHIHUHQFH OLQH IRU WKH PLGGOH DQG
ORZHU JDXJHV DQG & PHDQ KRXUO\ ZDWHU WDEOH GHSWK
EHORZWKHVXUIDFH
GRLMRXUQDOSRQHJ
$Q JDPELDH VV ZHUH IRXQG DQG RQO\ VPDOO QXPEHUV RI $Q
IXQHVWXV ZHUH LGHQWLILHG ZKHUHDV RQH TXDUWHU RI WKH ODUYDH
WHVWHG ZHUH LGHQWLILHG DV $Q DUDELHQVLV 7KH ORZ GHQVLWLHV RI
$Q IXQHVWXV DUH FRQVLVWHQW ZLWK SUHYLRXV VXUYH\V RI DGXOW
PRVTXLWRHVLQ1DPZDZDODYLOODJH>@7KHDSSDUHQW
DEVHQFHRI$QJDPELDHVVSDUDOOHOVREVHUYDWLRQVLQWKHDGXOW
SRSXODWLRQ UHIOHFWLQJ WKH VXFFHVV RI DQG ORQJODVWLQJ
LQVHFWLFLGDO QHW //,1 GLVWULEXWLRQ SURJUDPPHV >@
VXSSUHVVLQJDQWKURSRSKDJLFVSHFLHVVXFKDV$QJDPELDHVV
DQG $Q IXQHVWXV WKDW DUH KLJKO\ GHSHQGHQW RQ REWDLQLQJ
KXPDQ EORRG LQGRRUV >@ %\ FRQWUDVW $Q DUDELHQVLV LV QRW
RQO\ PRUH ]RRSKLOLF H[RSKDJLF DQG H[RSKLOLF LW DOVR DSSHDUV
FDSDEOHRIVDIHO\HQWHULQJDQGH[LWLQJKRXVHVFRQWDLQLQJ//,1V
HYHQ ZKHUH DQG ZKHQ LW UHPDLQHG IXOO\ VXVFHSWLEOH WR WKHLU
S\UHWKRLG DFWLYH LQJUHGLHQWV >@ VR WKLV VSHFLHV FDQ EH
GHVFULEHG DV EHLQJ UHVLOLHQW WR WKLV YHFWRU FRQWURO LQWHUYHQWLRQ
>@
$ SUHYLRXV VWXG\ KDV GHPRQVWUDWHG DQ LQFUHDVH LQ YHFWRU
SRSXODWLRQDQGVXEVHTXHQWPDODULD WUDQVPLVVLRQDW WKHKHLJKW
RI WKHZHWVHDVRQ >@+RZHYHU WKLVVWXG\ IRXQG WKDWRYHUDOO
DUHDZHLJKWHGDEXQGDQFHHVWLPDWHRIODWHVWDJH$QDUDELHQVLV
ODUYDH IHOODFURVVDOOKDELWDW W\SHVGXULQJSHULRGVRISURORQJHG
UDLQIDOO DVVRFLDWHG ZLWK WKH KHLJKW RI WKH ZHW VHDVRQ LQ $SULO
DQG 0D\  7KLV LQFOXGHG D VSULQJ IHG SRQG ZKLFK LV D
SHUPDQHQWZDWHUERG\DQGLVWKHUHIRUHDVVXPHGE\WKHJOREDO
LQGH[ RI PDODULD VWDELOLW\ WR EH LQGHSHQGHQW RI VHDVRQDO
IOXFWXDWLRQV LQ UDLQIDOO >@ 1XPEHUV RI $Q IXQHVWXV ZHUH
UHVWULFWHGDOPRVWH[FOXVLYHO\WRHSKHPHUDOULYHUFKDQQHOVZKHUH
ZDWHU ERGLHV SHUVLVWHG WKURXJKRXW WKH GU\ VHDVRQ DV VKDOORZ
GLVFRQQHFWHG SRROV ZKLFK UHFRQQHFW LQ WKH ZHW VHDVRQ DV D
IORZLQJ ULYHU 7KLV LV FRQVLVWHQW ZLWK REVHUYDWLRQV RI $Q
IXQHVWXV EHKDYLRXU VKRZLQJ WKHP WR KDYH D SUHIHUHQFH IRU
PRUHSHUVLVWHQWZDWHUERGLHV >@$OWKRXJK WKHSUHFLVH
ORFDWLRQ RI VXFK KDELWDWV PD\ EH GLIILFXOW WR SUHGLFW WKH
HSKHPHUDO FKDQQHOV LQ ZKLFK WKH\ DUH ORFDWHG DUH RIWHQ
PDSSHGRUFDQEHUHDGLO\LGHQWLILHGLQKLJKVSDWLDOUHVROXWLRQ
P VDWHOOLWH LPDJHU\ 'HVSLWH WKH DYDLODELOLW\ RI VXUIDFH ZDWHU
WKURXJKRXWWKHK\GURORJLFDO\HDUQR$QIXQHVWXVZHUHIRXQGLQ
WKH VSULQJIHG SRQG )DFWRUV OHDGLQJ WR WKLV DEVHQFH DUH
XQFHUWDLQDQGFDQSHUKDSVEHDWWULEXWHG WR WKHUHODWLYHO\VKRUW
VWXG\ SHULRG OHDGLQJ WR DQRPDORXV REVHUYDWLRQV +RZHYHU
HQYLURQPHQWDOIDFWRUVPD\DOVRDFFRXQWIRUWKHDEVHQFHRI$Q
IXQHVWXV IRU LQVWDQFH WKH VSULQJIHG SRQG LV RSHQ DQG VXQOLW
ZKHUHDV ULYHU FKDQQHO KDELWDWV DUH FKDUDFWHULVHG E\
RYHUKDQJLQJWUHHFDQRSLHVSURYLGLQJVKDGHDIDFWRUZKLFKKDV
SUHYLRXVO\ EHHQ VKRZQ WR EH VLJQLILFDQWO\ UHODWHG WR WKH
DEXQGDQFHRI$QIXQHVWXVODUYDH>@
/DUJHVFDOH VWXGLHV LQWR FOLPDWLF GULYHUV RI PDODULD
WUDQVPLVVLRQ DUH RIWHQ EDVHG RQ PRQWKO\ DJJUHJDWHV RI
HQYLURQPHQWDOGDWD LQFOXGLQJSUHFLSLWDWLRQ>@+RZHYHU WRWDO
PRQWKO\ UDLQIDOO UHFRUGHG LQ WKH 1DPZDZDOD DUHD RYHU WKH
VDPSOLQJ SHULRG PDVNHG WKH LQWHQVLW\ RI LQGLYLGXDO UDLQIDOO
HYHQWV ZKLFK FDQ EH DQ LPSRUWDQW LQGLFDWRU RI D UHGXFWLRQ LQ
ODUYDO QXPEHUV GXH WR WKH IOXVKLQJ RXW RI KDELWDWV DQG
GLVSODFHPHQWRUGHDWKGXHWRUDLQSRXQGLQJ>@7KLVVWXG\
IRXQG WKDW GDLO\ PHDVXUHPHQWV RI UDLQIDOO DUH VXIILFLHQW WR
FDSWXUHWKHVHHYHQWV
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)LJXUH3ORWVRI$QDUDELHQVLVHVWLPDWHVSHUZDWHUERG\W\SH$%RRWVWUDSSUHGLFWLRQHVWLPDWHVRIODWHVWDJH$QDUDELHQVLV
ODUYDH SHU GLS DQG % DUHDZHLJKWHG DEXQGDQFH HVWLPDWH RI ODWHVWDJH $Q DUDELHQVLV ODUYDH IRU HDFK ZDWHU ERG\ W\SH $UHD
ZHLJKWHGDEXQGDQFHVDQG WKHLUFRQILGHQFH LQWHUYDOVZHUHFDOFXODWHGE\PXOWLSO\LQJHVWLPDWHGKDELWDWVL]HE\ WKHQXPEHURI
ODWHVWDJH$QDUDELHQVLVODUYDHSHUGLSHVWLPDWHGE\ERRWVWUDSSLQJDPL[WXUHGLVWULEXWLRQJHQHUDWHGIURP*((HVWLPDWHVRIQXPEHU
RI ODWHVWDJH DQRSKHOLQHV DQG WKH SUREDELOLW\ RI ILQGLQJ $Q DUDELHQVLV LQ WKH 3&5 VDPSOHV 7KH K\GURPHWULF GDWD LV DGGHG IRU
UHIHUHQFH LQFOXGLQJ KRXUO\ DUHDO DYHUDJH UDLQIDOO ULYHU VWDJH UHFRUGHG LQ WKH PLGGOH RI WKH VWXG\ VLWH FDWFKPHQW DQG ZDWHU WDEOH
GHSWKUHFRUGHGWRZDUGVWKHVRXWKRIWKHVWXG\DUHD
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$UHDZHLJKWHG DEXQGDQFH HVWLPDWHV RI ODWHVWDJH $Q
DUDELHQVLV ODUYDH ZHUH QRW VLJQLILFDQWO\ UHODWHG WR PRQWKO\
DJJUHJDWHV RI UDLQIDOO ULYHU VWDJH DQG ZDWHU WDEOH +RZHYHU
UHODWLRQVKLSV EHFDPH FOHDU DIWHU WKH ODUYDO GDWD ZDV
DJJUHJDWHG E\ ZDWHU ERG\ W\SH GHILQHG RQ WKH EDVLV RI LWV
JHRPRUSKRORJLFDOVHWWLQJDQGRULJLQ)RULQVWDQFHDVLJQLILFDQW
UHODWLRQVKLS H[LVWHG EHWZHHQ HVWLPDWHG YHFWRU ODUYDO
DEXQGDQFH LQ DUHDV RI WRSRJUDSKLF FRQYHUJHQFH ZLWK ZDWHU
WDEOHGHSWKUHIOHFWLQJWKHWRSRJUDSKLFRUJDQLVDWLRQRIZDWHU LQ
WKH ODQGVFDSH DQG WKH IRUPDWLRQ RI SRROV IROORZLQJ WKH ZHW
VHDVRQ >@ 9HFWRU ODUYDO DEXQGDQFH ZLWKLQ IORRGSODLQ
EDVLQV ZDV DOVR UHODWHG WR ULYHU VWDJH EXW ZLWK D RQH PRQWK
ODJ UHSUHVHQWLQJ WKH GHYHORSPHQW RI $Q DUDELHQVLV YHFWRU
ODUYDHGXULQJ WKHGU\LQJRXWSKDVHRI IORRGZDWHUV >@
%\FRQWUDVWYHFWRUDEXQGDQFHVZLWKLQSDODHRFKDQQHOKDELWDWV
ZHUH UHODWHG WR ULYHU VWDJHZLWKD WKUHHPRQWK ODJ7KLV OLNHO\
UHIOHFWVWKHODFNRIGHSHQGHQFHRI$QDUDELHQVLVRQWKLVZDWHU
)LJXUH&RQWUDVWVLQERRWVWUDSHVWLPDWHGQXPEHURIODWH
VWDJH $Q DUDELHQVLV ODUYDH SHU GLS XVLQJ 0HWKRG RI
9DULDQFH (VWLPDWHV 5HFRYHU\ >@  %ODFN   VLJQLILFDQW
GLIIHUHQFH  FRQILGHQFH JUH\   QR VLJQLILFDQW GLIIHUHQFH
EODQN QRWDYDLODEOHGXHWRDEVHQFHRI ODUYDHLQRQHRUERWK
KDELWDW W\SHV 7   WRSRJUDSKLF FRQYHUJHQFH )   IORRGSODLQ
EDVLQ3 SDODHRFKDQQHO5 ULYHUFKDQQHODQG6 VSULQJIHG
SRQG
GRLMRXUQDOSRQHJ
ERG\ W\SH GXULQJ WKH KHLJKW RI WKH ZHW VHDVRQ $JDLQ WKH
GU\LQJRXWSKDVHRIDTXDWLFKDELWDWVDSSHDUV WRSOD\DFUXFLDO
UROH >@ ZLWK VPDOOHU VKDOORZHU DQG PRUH WXUELG ZDWHU
ERGLHV>@SURYLGLQJGU\VHDVRQUHIXJHVLQSDODHRFKDQQHOVDV
WKH DYDLODELOLW\ RI ZDWHU LQ RWKHU KDELWDW W\SHV GLVDSSHDUV
VSHFLILFDOO\ IORRGSODLQ EDVLQV DQG DUHDV RI WRSRJUDSKLF
FRQYHUJHQFH
6WXGLHVLQDUHDVVXFKDVWKHZHVWHUQ.HQ\DQKLJKODQGVKDYH
HVWDEOLVKHG UHODWLRQVKLSV EHWZHHQ K\GURORJ\ DQG PDODULD
YHFWRUQXPEHUVXVLQJWHUUDLQDQDO\VLVEHFDXVHWKHGLVWULEXWLRQ
RI ZDWHU LQ WKH ODQGVFDSH LV FRQWUROOHG E\ WRSRJUDSK\
>@ +RZHYHU WKH SUHVHQW VWXG\ VLWH UHTXLUHV
FRQVLGHUDWLRQ RI PRUH WKDQ MXVW WRSRJUDSKLFDO FRQWUROV RQ
K\GURORJ\LQFOXGLQJWKHLQIOXHQFHRIIORZLQJZDWHULQULYHUVDQG
SDODHRFKDQQHOVRYHUEDQN IORRGLQJDQGKDELWDWV IHGE\VSULQJ
ZDWHU :H KDYH VKRZQ WKDW VLJQLILFDQW GLIIHUHQFHV LQ YHFWRU
ODUYDO DEXQGDQFH RFFXU LQ KDELWDWV ZKHQ WKH\ ZHUH FODVVLILHG
E\WKHLUK\GURORJ\DQGJHRPRUSKRORJLFDOVHWWLQJ)XUWKHUPRUH
VLJQLILFDQW FRUUHODWLRQV H[LVWHG EHWZHHQ ODUYDO DEXQGDQFH DQG
VLPSOH K\GURPHWULF GDWD 7KLV SURFHVV EDVHG XQGHUVWDQGLQJ
FDQ EH XVHG WR PRGHO DQG IRUHFDVW WKH VSDWLDO DQG WHPSRUDO
G\QDPLFVRIPDODULDODTXDWLFKDELWDWV7KHVHILQGLQJVVKRXOGEH
LQFRUSRUDWHG LQWR PRGHOV RI PDODULD WUDQVPLVVLRQ SDUWLFXODUO\
WKRVHWKDWDUHOLPLWHGWRWKHLQIOXHQFHRIFOLPDWHDQGZHDWKHURQ
SDUDVLWHDQGYHFWRUGHYHORSPHQW>±@
7KHPDLQILQGLQJRIWKLVVWXG\LVWKDWWKHVSDWLDODQGWHPSRUDO
YDULDWLRQLQPDODULDYHFWRUODUYDHFDQEHH[SODLQHGDFFRUGLQJWR
WKH K\GURORJLFDO SURFHVVHV WKDW JRYHUQ WKH IRUPDWLRQ DQG
SHUVLVWHQFHRIGLIIHUHQWKDELWDWW\SHV9HFWRUODUYDHSURGXFWLYLW\
VKLIWVWRGLIIHUHQWZDWHUERG\W\SHVWKURXJKRXWWKHK\GURORJLFDO
\HDU LQ UHVSRQVH WR UDLQIDOO DQGVXEVHTXHQW FKDQJHV LQZDWHU
WDEOHDQGULYHUVWDJH6SHFLILFDOO\ IORRGSODLQEDVLQVDQGDUHDV
RI WRSRJUDSKLF FRQYHUJHQFH EHFDPH GRPLQDQW LQ WKH ZHW
VHDVRQ ZLWK YHFWRU ODUYDH UHWUHDWLQJ WR SDODHRFKDQQHOV
HSKHPHUDOULYHUFKDQQHOVDQGDVSULQJIHGSRQGGXULQJWKHGU\
VHDVRQ 7KHVH G\QDPLFV DUH GULYHQ E\ K\GURORJLFDO DQG
JHRPRUSKRORJLFDO SURFHVVHV PDQ\ RI ZKLFK FDQ EH PDSSHG
XVLQJ UHPRWHO\ VHQVHG GDWD ZLWK WKH H[FHSWLRQ RI VSULQJIHG
SRQGVZKLFKDUHUHOLDQWRQJURXQGPDSSLQJ7KLVDSSURDFKFDQ
7DEOH  &RUUHODWLRQ FRHIILFLHQWV EHWZHHQ WKH K\GURPHWULF GDWD DQG DUHDZHLJKWHG DEXQGDQFH HVWLPDWH RI ODWHVWDJH $Q
DUDELHQVLVODUYDHSHUZDWHUERG\W\SH
 ODJ PRQWKODJ PRQWKODJ PRQWKODJ
 5DLQ 6WDJH :7 5DLQ 6WDJH :7 5DLQ 6WDJH :7 5DLQ 6WDJH :7
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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$QDO\VLVFDUULHGRXWXVLQJ&URVV&RUUHODWLRQ)XQFWLRQV7 WRSRJUDSKLFFRQYHUJHQFH) IORRGSODLQEDVLQ3 SDODHRFKDQQHO5 ULYHUFKDQQHO6 VSULQJIHGSRQG:7 
ZDWHUWDEOH$QDO\VLVFDUULHGRXWXVLQJ&URVV&RUUHODWLRQ)XQFWLRQV
6LJQLILFDQWWR%RQIHUURQLDGMXVWHGFRQILGHQFHLQWHUYDOVDWDQG
5DLQ UDLQIDOO6WDJH ULYHUOHYHO:7 ZDWHUWDEOHGHSWK
7 WRSRJUDSKLFFRQYHUJHQFH) IORRGSODLQEDVLQ3 SDODHRFKDQQHO5 ULYHUFKDQQHO6 VSULQJIHGSRQG:7 ZDWHUWDEOH
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SURYLGH YDOXDEOH LQIRUPDWLRQ IRU ODUYDO VRXUFH FDPSDLJQV IRU
WDUJHWLQJ SURGXFWLYH KDELWDWV SDUWLFXODUO\ GXULQJ WKH GU\
VHDVRQ
6XSSRUWLQJ,QIRUPDWLRQ
0HWKRGV 6  'HVFULSWLRQ RI WKH VWDWLVWLFDO DQDO\VLV RI
HQWRPRORJLFDOGDWD*HQHUDOL]HG(VWLPDWLQJ(TXDWLRQVDQG
0HWKRGRI9DULDQFH(VWLPDWH5HFRYHU\
'2&;
$FNQRZOHGJHPHQWV
:H ZRXOG OLNH WR WKDQN WKH ,IDNDUD +HDOWK ,QVWLWXWH IRU WKHLU
VXSSRUW LQFOXGLQJ 6WHIDQ 'RQJXV &DUROLQH +DUULV -DVRQ
0RRUH ,VVD /\LPR WKH ODWH ,QQRFHQW 1MRND DQG 'HRJUDWLXV
5RPDQ.DYLVKH,QDGGLWLRQZHZRXOGOLNHWRWKDQNWKHSHRSOH
RI 1DPZDZDOD IRU WKHLU ZDUP ZHOFRPH DQG JXLGDQFH 7KH
DXWKRUV DUH JUDWHIXO WR -HIIUH\ 6KDPDQ DQG DQ DQRQ\PRXV
UHYLHZHUIRUKHOSIXOIHHGEDFNRQWKHPDQXVFULSW
$XWKRU&RQWULEXWLRQV
&RQFHLYHG DQG GHVLJQHG WKH H[SHULPHQWV $-+ -*3* '(&
0*00:6-.*).&-7$QDO\]HGWKHGDWD$-+-*3*'(&
&-7:URWHWKHPDQXVFULSW$-+-*3*'(&0*00:6*).
&-7)LHOGZRUNDQGGDWDFROOHFWLRQ'(&$-+-.*1/
5HIHUHQFHV
 )HUJXVRQ+0'RPKDXV$%HHFKH$%RUJHPHLVWHU&*RWWOLHE0HW
DO  (FRORJ\ D SUHUHTXLVLWH IRU PDODULD HOLPLQDWLRQ DQG
HUDGLFDWLRQ3/R60HG3XE0HG
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3URGXFWLYLW\ RI 0DODULD 9HFWRUV IURP 'LIIHUHQW +DELWDW 7\SHV LQ WKH
:HVWHUQ .HQ\D +LJKODQGV 3/26 21( 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HWDO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$ELRWLFDQGELRWLFIDFWRUVDVVRFLDWHGZLWKWKHSUHVHQFHRI
$QRSKHOHV DUDELHQVLV LPPDWXUHV DQG WKHLU DEXQGDQFH LQ QDWXUDOO\
RFFXUULQJDQGPDQPDGHDTXDWLFKDELWDWV3DUDVLWHVDQG9HFWRUV
 ,PEDKDOH66*LWKHNR$0XNDEDQD:57DNNHQ:,QWHJUDWHG
PRVTXLWR ODUYDO VRXUFH PDQDJHPHQW UHGXFHV ODUYDO QXPEHUV LQ WZR
KLJKODQG YLOODJHV LQ ZHVWHUQ .HQ\D %0& 3XEOLF +HDOWK  
3XE0HG
 =KRX * 0XQJD 6 0LQDNDZD 1 *LWKHNR $. <DQ *  6SDWLDO
UHODWLRQVKLS EHWZHHQ DGXOW PDODULD YHFWRU DEXQGDQFH DQG
HQYLURQPHQWDOIDFWRUVLQZHVWHUQ.HQ\DKLJKODQGV$P-7URS0HG+\J
3XE0HG
 .LOOHHQ *) 6H\RXP $. .QROV %*-  5DWLRQDOL]LQJ +LVWRULFDO
VXFFHVVHV RI PDODULD FRQWURO LQ $IULFD LQ WHUPV RI PRVTXLWR UHVRXUFH
DYDLODELOW\ PDQDJHPHQW $PHULFDQ -RXUQDO RI 7URSLFDO 0HGLFLQH DQG
+\JLHQH
 )LOOLQJHU 8 /LQGVD\ 6:  6XSSUHVVLRQ RI H[SRVXUH WR PDODULD
YHFWRUV E\ DQ RUGHU RI PDJQLWXGH XVLQJ PLFURELDO ODUYLFLGHV LQ UXUDO
.HQ\D 7URS 0HG ,QW +HDOWK 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 $ VHFRQG FKDQFH WR WDFNOH $IULFDQ PDODULD YHFWRU
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W WDNH GUXJV $P - 7URS 0HG
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'LVWULEXWLRQ GHVFULSWLRQ DQG ORFDO NQRZOHGJH RI ODUYDO KDELWDWV RI
$QRSKHOHV*DPELDHVOLQDYLOODJHLQ:HVWHUQ.HQ\D$P-7URS0HG
+\J3XE0HG
 &ODUN 7' *UHHQKRXVH % 1MDPD0H\D ' 1]DUXEDUD % 0DLWHNL
6HEXJX]L & HW DO  )DFWRUV GHWHUPLQLQJ WKH KHWHURJHQHLW\ RI
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